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APPENDIX B. Search Strategies

Below is the search strategy for PubMed. Parallel strategies were used to search other electronic
databases listed below. Keyword searches were conducted in the other listed resources. In addition,
hand-searching of included studies was performed.

Appendix Table B1: PubMed Search Strategy and Results Performed on 09/12/19

Search Strategy No. of hits

1. "Stem Cells"[Mesh] OR "Stem Cell Transplantation"[Mesh] OR "Stem Cell 518,139
Research"[Mesh] OR "Bone Marrow Transplantation"[Mesh] OR “stem cell*”[TIAB]
OR progenitor cell*[TIAB] OR stromal cell*[TIAB] OR mesenchymal cell*[TIAB] OR
bone marrow|[TIAB] OR osteocel[TIAB]

2. "Tendons"[Mesh] OR "Tendon Injuries"[Mesh] OR "Tendinopathy"[Mesh] OR 569,508
"Tennis Elbow"[Mesh] OR "Fasciitis, Plantar"[Mesh] OR "Soft Tissue
Injuries"[Mesh] OR "Athletic Injuries"[Mesh] OR "Contusions"[Mesh] OR "Sprains
and Strains"[Mesh] OR "Muscle, Skeletal"[Mesh] OR "Cartilage"[Mesh] OR
“Ligaments, Articular"[Mesh] OR "Osteoarthritis"[Mesh] OR "Low Back
Pain"[Mesh] OR "Neck Pain"[Mesh] OR "Temporomandibular Joint"[Mesh] OR
"Temporomandibular Joint Disorders"[Mesh] OR "Carpal Tunnel Syndrome"[Mesh]
OR "Shoulder Injuries"[Mesh] OR “Meniscus”[Mesh] OR “Tibial Meniscus
Injuries”[Mesh] OR "Pseudarthrosis"[Mesh] OR "Intervertebral Disc
Displacement"[Mesh] OR "Failed Back Surgery Syndrome"[Mesh] OR "Sacroiliac
Joint"[Mesh] OR "Spinal Stenosis"[Mesh] OR "Spondylolysis"[Mesh] OR
"Intervertebral Disc Degeneration"[Mesh] OR "Cumulative Trauma
Disorders"[Mesh]

3. "soft tissue"[TI] OR muscl*[TI] OR Ligament*[TI] OR Tendon*[TI] OR Tendin*[TI] OR 2,899,683
Cartilage[TI] OR Fasci*[TI] OR Sport*[TI] OR Athlet*[TI] OR tear*[TIAB] OR
strain*[TIAB] OR sprain*[TIAB] OR damage*[TIAB] OR trauma*[TIAB] OR
injur*[TIAB] OR “low back pain”[TIAB] OR “back pain”[TIAB] OR lumbar[TIAB] OR
lumbo*[TIAB] OR “neck pain”[TIAB] OR cervical[TIAB] OR osteoarthritis[TIAB] OR
muscul*[TI] OR “bulging disc”[TIAB] OR “disc tear”[TIAB] OR “torn disc”[TIAB]

4. #1 AND (#2 OR #3) 74,366
5. “Case reports”[ptyp] OR cadaver*[TI] OR "In Vitro Techniques"[Mesh] OR "Models, 7,873,837
Animal"[Mesh] OR "Animals, Laboratory"[Mesh] OR "Animal
Experimentation"[Mesh] OR animal[TI] OR rat*[TI] OR dog*[TI] OR mouse[TI] OR
mice[TI] OR rabbit*[TI] OR pig*[TI] OR sheep[TI] OR monkey*[TI] OR rodent*[TI]
OR ovine[TI] OR bovine[TI] OR canine[Tl] OR equine[TI] OR murine[TI] OR
porcine[Tl] OR “Neoplasms”[MeSH] OR neoplasm*[TI] OR tumor[TI] OR
metasta*[TI] OR necrosis[Mesh] OR "avascular necrosis"[Mesh

6. (#4 NOT #5) Filters: Abstract; Humans; English 17,981

7. "Cost-Benefit Analysis"[Mesh] OR “cost-effective*”[TIAB] OR “cost
effective*”[TIAB] OR “cost-utility”[TIAB] OR “cost utility”[TIAB] OR economic[TIAB]

8. #4 AND #7 164
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Appendix Table B2: EMBASE Search Strategy and Results Performed on 09/12/19

Search Strategy No. of hits
1. 'stem cell transplant™®':ti,ab,kw 86,064
2. 'allogenic bone marrow transplantation'/exp OR 'allogenic bone marrow 16,787
transplantation' OR 'autologous bone marrow transplantation'/exp OR 'autologous
bone marrow transplantation'
3. 'stem cell transplantation'/exp OR 'stem cell transplantation’ 155,265
4. 'stem cell*":ti,ab,kw 375,407
5. 'stroma cell':ti,ab,kw OR 'mesenchymal stem cell':ti,ab,kw OR 'synthetic bone 15,460
graft':ti,ab,kw
6. 'stem cell transplant™' 165,109
7. #1 OR #2 OR #3 OR #4 OR #5 OR #6 432,177
8. 'musculoskeletal disease'/exp OR 'musculoskeletal disease' OR 'musculoskeletal 2,332,029
injury'/exp OR 'musculoskeletal injury' OR 'sport injury'/exp OR 'sport injury' OR
'sacroiliac joint'/exp OR 'sacroiliac joint' OR 'cumulative trauma disorder'/exp OR
‘cumulative trauma disorder’
9. #7 AND #8 32,713
10. #7 AND #8 AND [humans]/lim AND [english]/lim AND [abstracts]/lim 22,043
11. ‘case report':it OR 'conference paper':it OR 'conference abstract':it OR 'conference | 4,291,564
review':it
12. 'cadaver':ti OR 'animal model'/exp OR 'animal experiment'/exp OR 'animal':ti OR 7,683,811
'neoplasm'/exp OR 'metastasis'/exp OR 'necrosis'/exp OR 'avascular necrosis'/exp
13. #10 NOT (#11 OR #12) 7,711
Electronic Database Searches
The following databases have also been searched for relevant information:
Cochrane Database of Systematic Reviews
Cochrane Registry of Clinical Trials (CENTRAL)
Database of Reviews of Effectiveness (Cochrane Library)
ClinicalTrials.gov
Additional Economics, Clinical Guideline, and Gray Literature Databases
ECRI Guidelines Trust
AHRQ - Healthcare Cost and Utilization Project
Canadian Agency for Drugs and Technologies in Health
Centers for Medicare and Medicaid Services (CMS)
Food and Drug Administration (FDA)
Google
Stem-cell therapy for musculoskeletal conditions: final evidence report — appendix 3
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APPENDIX C. Excluded Articles

Articles excluded as primary studies after full text review, with reason for exclusion.

Appendix Table C1. List of Excluded Articles

Reason for exclusion

Citation after full-text review

1. Aghdami N, Liastani MG, Emadedin M, et al. Repeated intra Abstract only; does not appear that
articular injection of bone marrow derived mesenchymal stem cell |it has been published as a full length
in knee osteoarthritis: double blind randomized clinical trial. article
Cytotherapy 2014;16:514.

2. Bain B. Bone marrow biopsy morbidity and mortality: 2002 data. Safety specific to bone marrow
Clinical & Laboratory Haematology 2004;26:315-8. biopsy

3. Bain B. Bone marrow biopsy morbidity: review of 2003. Journal of | Safety specific to bone marrow
clinical pathology 2005;58:406-8. biopsy

4, Bain BJ. Bone marrow biopsy morbidity and mortality. British Safety specific to bone marrow
journal of haematology 2003;121:949-51. biopsy

5. Bastos R, Mathias M, Andrade R, et al. Intra-articular injections of | Comparative study of the addition of
expanded mesenchymal stem cells with and without addition of PRP with <10 patients per treatment
platelet-rich plasma are safe and effective for knee osteoarthritis. | group
Knee surgery, sports traumatology, arthroscopy : official journal of
the ESSKA 2018;26:3342-50.

6. Bucher TA, Ebert JR, Smith A, Breidahl W, Fallon M, Wang T, Zheng |Excluded intervention; Tenocytes are
MH, Janes GC. Autologous tenocyte injection for the treatment of | further differentiated than stem cells
chronic recalcitrant gluteal tendinopathy: a prospective pilot study.

Orthopaedic journal of sports medicine. 2017 Feb
21;5(2):2325967116688866.

7. Buda R, Vannini F, Castagnini F, et al. Regenerative treatment in Excluded intervention; stem cells as
osteochondral lesions of the talus: autologous chondrocyte an adjunct to surgery
implantation versus one-step bone marrow derived cells
transplantation. International orthopaedics 2015;39:893-900.

8. Centeno C, Markle J, Dodson E, et al. Treatment of lumbar Excluded population; patients with
degenerative disc disease-associated radicular pain with culture- radicular low back pain
expanded autologous mesenchymal stem cells: a pilot study on
safety and efficacy. Journal of translational medicine 2017;15:197.

9. Centeno CJ, Al-Sayegh H, Bashir J, Goodyear S, Freeman MD. A dose | Meets all criteria for inclusion of
response analysis of a specific bone marrow concentrate treatment | safety data only, but does not report
protocol for knee osteoarthritis. BMC musculoskeletal disorders any safety data.

2015;16:258.

10. |Centeno CJ, Busse D, Kisiday J, Keohan C, Freeman M, Karli D. Case report (n=1)
Increased knee cartilage volume in degenerative joint disease using
percutaneously implanted, autologous mesenchymal stem cells.

Pain physician 2008;11:343-53.

11. |Centeno CJ, Freeman MD. Percutaneous injection of autologous, <10 patients per treatment arm (6
culture-expanded mesenchymal stem cells into carpometacarpal vs. 4)
hand joints: a case series with an untreated comparison group.

Wiener medizinische Wochenschrift (1946) 2014;164:83-7.

12. |Centeno CJ, Pitts J, Al-Sayegh H, Freeman MD. Anterior cruciate The 10 patients reported on in this

ligament tears treated with percutaneous injection of autologous study are included in larger registry

Stem-cell therapy for musculoskeletal conditions: final evidence report — appendix 4
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Citation

bone marrow nucleated cells: a case series. Journal of pain
research 2015;8:437.

Reason for exclusion
after full-text review

study that has been included in the
evidence base

13. Centeno CJ, Schultz JR, Cheever M, et al. Safety and complications | Data from patients included in this
reporting update on the re-implantation of culture-expanded study are included as part of a larger
mesenchymal stem cells using autologous platelet lysate technique. | registry study published subsequent
Current stem cell research & therapy 2011;6:368-78. to this publication.

14. |Centeno CJ, Schultz JR, Cheever M, Robinson B, Freeman M, Data from patients included in this
Marasco W. Safety and complications reporting on the re- study are included as part of a larger
implantation of culture-expanded mesenchymal stem cells using registry study published subsequent
autologous platelet lysate technique. Current stem cell research & |to this publication.
therapy 2010;5:81-93.

15. |Chahal J, Gdmez-Aristizdbal A, Shestopaloff K, et al. Bone Marrow Dose escalation study with <10
Mesenchymal Stromal Cells in Patients with Osteoarthritis Results | patients per treatment group (n=4 in
in Overall Improvement in Pain and Symptoms and Reduces each group; 1X108, 10X108, 50X10°)
Synovial Inflammation. Stem cells translational medicine 2019.

16. |Clar C, Cummins E, Mclintyre L, et al. Clinical and cost-effectiveness |Excluded intervention; stem cells as
of autologous chondrocyte implantation for cartilage defects in an adjunct to surgery
knee joints: Systematic review and economic evaluation. Health
Technology Assessment 2005;9:iii-48.

17. Clarke AW, Alyas F, Morris T, Robertson CJ, Bell J, Connell DA. Skin- Excluded intervention; Tenocytes are
derived tenocyte-like cells for the treatment of patellar tendinopathy. |further differentiated than stem cells
The American journal of sports medicine 2011;39:614-23.

18. |Connell, David, et al. "Treatment of lateral epicondylitis using skin- | Excluded intervention; Tenocytes are
derived tenocyte-like cells." British journal of sports medicine 43.4 | further differentiated than stem cells
(2009): 293-298.

19. |Coric D, Pettine K, Sumich A, Boltes MO. Prospective study of disc Excluded intervention; Chondrocytes
repair with allogeneic chondrocytes presented at the 2012 Joint are further differentiated than stem
Spine Section Meeting. Journal of Neurosurgery: Spine. 2013 Jan cells
1;18(1):85-95.

20. |Cruz-Sanchez PM, Gamez-Pérez A, Rodriguez-Orta CdIA, et al. Study published only in Spanish
Impacto del tratamiento con células madre adultas en la
osteoartrosis de la rodilla. Revista Cubana de Hematologia,

Inmunologia y Hemoterapia 2013;29:272-83.

21. |Darrow M, Shaw B, Schmidt N, Boeger G, Budgett S. Treatment of | Study comparing different cell
shoulder osteoarthritis and rotator cuff tears with bone marrow preparations; would be included for
concentrate and whole bone marrow injections. Cogent Medicine |safety only, but study does not
2019;6. report any safety data

22. |de Windt TS, Vonk LA, Slaper-Cortenbach IC, et al. Allogeneic Excluded intervention; stem cells as
mesenchymal stem cells stimulate cartilage regeneration and are an adjunct to surgery
safe for single-stage cartilage repair in humans upon mixture with
recycled autologous chondrons. Stem cells (Dayton, Ohio)
2017;35:256-64.

23. | de Windt TS, Vonk LA, Slaper-Cortenbach ICM, Nizak R, van Rijen Excluded intervention; stem cells as

MHP, Saris DBF. Allogeneic MSCs and Recycled Autologous
Chondrons Mixed in a One-Stage Cartilage Cell Transplantion: A
First-in-Man Trial in 35 Patients. Stem cells (Dayton, Ohio)
2017;35:1984-93.

an adjunct to surgery
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Reason for exclusion

Citation after full-text review

24, Elabd C, Centeno CJ, Schultz JR, Lutz G, Ichim T, Silva FJ. Intra-discal | Case series with less than 10 patients
injection of autologous, hypoxic cultured bone marrow-derived (N=5)
mesenchymal stem cells in five patients with chronic lower back
pain: a long-term safety and feasibility study. Journal of
translational medicine 2016;14:253.

25. |Emadedin M, Ghorbani Liastani M, Fazeli R, et al. Long-Term Reported separately; knee (n=6),
Follow-up of Intra-articular Injection of Autologous Mesenchymal |ankle (n=6), hip (n=5); would not
Stem Cells in Patients with Knee, Ankle, or Hip Osteoarthritis. meet n cut-off for case series;
Archives of Iranian medicine 2015;18:336-44. however, long term follow-up =30

months

26. |FreitagJ, Ford J, Bates D, et al. Adipose derived mesenchymal stem |Study protocol; would otherwise be
cell therapy in the treatment of isolated knee chondral lesions: excluded as this study assesses stem
design of a randomised controlled pilot study comparing cells as an adjunct to surgery
arthroscopic microfracture versus arthroscopic microfracture
combined with postoperative mesenchymal stem cell injections.

BMJ open 2015;5:e009332.

27. | Gellhorn, Alfred C., and Alex Han. "The use of dehydrated human Excluded intervention; Tenocytes are
amnion/chorion membrane allograft injection for the treatment of |further differentiated than stem cells
tendinopathy or arthritis: a case series involving 40
patients." PM&R 9.12 (2017): 1236-1243.

28. | Giannini S, Buda R, Vannini F, Cavallo M, Grigolo B. One-step bone |Excluded intervention; stem cells as
marrow-derived cell transplantation in talar osteochondral lesions. |an adjunct to surgery
Clin Orthop Relat Res 2009;467:3307-20.

29. |Gobbi A, Chaurasia S, Karnatzikos G, Nakamura N. Matrix-Induced | Excluded intervention; stem cells as
Autologous Chondrocyte Implantation versus Multipotent Stem an adjunct to surgery
Cells for the Treatment of Large Patellofemoral Chondral Lesions: A
Nonrandomized Prospective Trial. Cartilage 2015;6:82-97.

30. |Gupta PK, Chullikana A, Rengasamy M, et al. Efficacy and safety of |Excluded setting; patients
adult human bone marrow-derived, cultured, pooled, allogeneic hospitalized for the procedure
mesenchymal stromal cells (Stempeucel®): preclinical and clinical
trial in osteoarthritis of the knee joint. Arthritis research & therapy
2016;18:301.

31. |Hanselman AE, Tidwell JE, Santrock RD. Cryopreserved human <10 patients per treatment arm
amniotic membrane injection for plantar fasciitis: a randomized,
controlled, double-blind pilot study. Foot & ankle international
2015;36:151-8.

32. Hernigou P, Dubory A, Homma Y, Flouzat Lachaniette CH, Chevallier | Unclear setting; stem cells as adjunct
N, Rouard H. Single-stage treatment of infected tibial non-unions to surgery
and osteomyelitis with bone marrow granulocytes precursors
protecting bone graft. International Orthopaedics 2018;42:2443-

50. 8

33. | Hernigou P, HommaY, Flouzat-Lachaniette CH, Poignard A, Safety specific study; % with each
Chevallier N, Rouard H. Cancer risk is not increased in patients orthopedic condition is unclear -
treated for orthopaedic diseases with autologous bone marrow cell | many not conditions not includable
concentrate. Journal of Bone and Joint Surgery - Series A
2013;95:2215-21.
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Reason for exclusion

stromal vascular fraction containing adipose-derived mesenchymal

Citation after full-text review

34. Huh'Y, Ji RR, Chen G. Neuroinflammation, bone marrow stem cells, |Excluded intervention; stem cells as
and chronic pain. Frontiers in Immunology 2017;8. an adjunct to surgery

35. |Jo CH, ChailJW, Jeong EC, et al. Intra-articular Injection of Two year follow-up of the above
Mesenchymal Stem Cells for the Treatment of Osteoarthritis of the |study
Knee: A 2-Year Follow-up Study. Am J Sports Med 2017;45:2774-83.

36. |Jo CH, ChailJW, Jeong EC, et al. Intratendinous Injection of Dose escalation study with <10
Autologous Adipose Tissue-Derived Mesenchymal Stem Cells for patients per treatment group
the Treatment of Rotator Cuff Disease: A First-In-Human Trial. Stem
Cells 2018;36:1441-50.

37. |JoCH, Lee YG, Shin WH, et al. Intra-articular injection of Dose escalation study with <10
mesenchymal stem cells for the treatment of osteoarthritis of the | patients per treatment group
knee: a proof-of-concept clinical trial. Stem Cells 2014,;32:1254-66.

38. |Jones IA, Wilson M, Togashi R, Han B, Mircheff AK, Thomas Study protocol; would otherwise be
Vangsness C. A randomized, controlled study to evaluate the included
efficacy of intra-articular, autologous adipose tissue injections for
the treatment of mild-to-moderate knee osteoarthritis compared
to hyaluronic acid: A study protocol. BMC Musculoskeletal
Disorders 2018;19.

39. |Jorgensen C, Noeth U, Facchini A, et al. MSC based therapy for Abstract only; does not appear that
severe osteoarthritis of the knee. A phase 1 dose escalation trial. it has been published as a full length
Osteoarthritis and cartilage 2014;22:5442. article

40. |Kamei N, Ochi M, Adachi N, et al. The safety and efficacy of n<10; adjunct to surgery
magnetic targeting using autologous mesenchymal stem cells for
cartilage repair. Knee surgery, sports traumatology, arthroscopy :
official journal of the ESSKA 2018;26:3626-35.

41. Kasemkijwattana C, Hongeng S, Kesprayura S, Rungsinaporn V, n<10; adjunct to surgery
Chaipinyo K, Chansiri K. Autologous bone marrow mesenchymal
stem cells implantation for cartilage defects: Two cases report.

Journal of the Medical Association of Thailand 2011;94:395-400.

42. |Kennedy GA, Morton J, Western R, Butler J, Daly J, Durrant S. Safety specific to stem cell donation;
Impact of stem cell donation modality on normal donor quality of | patients diagnosis unclear
life: A prospective randomized study. Bone marrow transplantation
2003;31:1033-5.

43. Kim SJ, Song DH, Park JW, Park S, Kim SJ. Effect of bone marrow Same population as Kim 2018 (an
aspirate concentrate—platelet-rich plasma on tendon-derived stem |included study) with no unique data
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2017;26:867-78.

44, Kim YS, Choi YJ, Koh YG. Mesenchymal stem cell implantation in Excluded intervention; stem cells as
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outcomes. The American journal of sports medicine 2015;43:2293-
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Matched-Pair Analysis of the Injection Versus Implantation of an adjunct to surgery
Mesenchymal Stem Cells for Knee Osteoarthritis. The American
journal of sports medicine 2015;43:2738-46.
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2014;42:2424-34,
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after full-text review

Intervertebral disc repair with activated nucleus pulposus cell
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effects of xenogenic scaffolding in the context of a randomized an adjunct to surgery
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placebo controlled pilot study of autologous non-expanded adi- available yet — study was completed
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Mesenchymal Stromal Cells (MSCs) for Knee Osteoarthritis:

Repeated MSC Dosing Is Superior to a Single MSC Dose and to
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Citation after full-text review
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Circulating Immune Cells. Theranostics 2018;8:5519-28.
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493 unrelated marrow donors in the National Marrow Donor only.

Program. Blood 1993;81:1940-6.
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haematological surveillance of healthy donors of allogeneic
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vascular fraction in osteoarthritic patients. Cells 2019;8.
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in the treatment of nucleotomized and degenerative lumbar disks
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cells 2014;9:219-24.
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2015;2015.
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feasibility study. Foot & ankle international 2013;34:1332-9.
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APPENDIX D. Risk of Bias, Class of Evidence, Strength of Evidence, and QHES

Determination

Each included comparative study is rated against pre-set criteria that resulted in a Risk of Bias (RoB)
assessment and presented in a table. Definitions of the RoB categories are provided in Table D1, and
criteria for determining RoB for primary studies of therapy are listed in the Table D2. Table D3 provides

an example of the format used to assess RoB for individual cohort studies of therapy. A “No” indicates

that the criterion was not met; an “Unclear” indicates that the criterion could not be determined with
the information provided or was not reported by the author. Risk of bias assessments were not
conducted for case series; all were considered High risk of bias.

Appendix Table D1. Definition of the risk of bias categories

Risk of Bias

Definition

Low risk of bias

Study adheres to commonly held tenets of high quality design, execution and
avoidance of bias

Moderately low

Study has potential for some bias; does not meet all criteria for low risk of bias

risk of bias but deficiencies not likely to invalidate results or introduce significant bias
Moderately high Study has flaws in design and/or execution that increase potential for bias that
risk of bias may invalidate study results

High risk of bias

Study has significant potential for bias; does not include design features geared
toward minimizing bias and/or does not have a comparison group

Stem-cell therapy for musculoskeletal conditions: final evidence report — appendix
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Appendix Table D2. Definitions of the different levels of evidence for studies of therapy

Risk of Bias

Studies of Therapy*

Study design

Criteria*

Low risk:

Study adheres to commonly
held tenets of high quality
design, execution and
avoidance of bias

Good quality RCT

Random sequence generation

Statement of allocation concealment
Intent-to-treat analysis

Blind or independent assessment for primary
outcome(s)

F/U rate of 80%+

<10% difference in F/U between groups
Controlling for possible confoundingt

Moderately low risk:

Study has potential for some
bias; study does not meet all
criteria for class |, but
deficiencies not likely to
invalidate results or introduce
significant bias

Moderate quality
RCT

Violation of one or two of the criteria for good quality
RCT

Good quality
cohort

Blind or independent assessment for primary
outcome(s)

F/U rate of 80%+

<10% difference in F/U between groups
Controlling for possible confoundingt

Moderately High risk:

Study has significant flaws in
design and/or execution that
increase potential for bias that
may invalidate study results

Poor quality RCT

Violation of three or more of the criteria for good
quality RCT

Moderate quality
cohort

Violation of any of the criteria for good quality cohort

Case-control

Any case-control design

High risk:

Study has significant potential
for bias; lack of comparison
group precludes direct
assessment of important
outcomes

Poor quality
cohort

Case series

Violation of two or more criteria for a good quality
cohort
Any case series design

* Additional domains evaluated in studies performing a formal test of interaction for subgroup modification (i.e., HTE) based on
recommendations from Oxman and Guyatt347:

e Isthe subgroup variable a characteristic specified at baseline or after randomization? (subgroup hypotheses should

be developed a priori)

e Did the hypothesis precede rather than follow the analysis and include a hypothesized direction that was

subsequently confirmed?

e Was the subgroup hypothesis one of a smaller number tested?
T Outcome assessment is independent of healthcare personnel judgment. Reliable data are data such as mortality or re-

operation.

¥ Authors must provide a description of robust baseline characteristics, and control for those that are unequally distributed

between treatment groups.
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Appendix Table D3: Assessment of RoB for individual studies of therapy

Study design

Randomized controlled trial [ [ [

Prospective cohort study

Retrospective cohort study

Case-control

Case-series
Random sequence generation* Yes No Yes
Concealed allocation* Unclear# No Yes
Intention to treat* Yes Yes Yes
Independent or blind assessment No§ Yes Yes
Complete follow-up of >80% Yes** Yes Yes
<10% difference in follow-up between groups Yes No Yes
Controlling for possible confoundingt Yes Yes Yes

*Applies to randomized controlled trials only.

TAuthors must provide a description of robust baseline characteristics, and control for those that are unequally distributed
between treatment groups.

FAuthors state that allocation occurred via envelopes prepared by a study coordinator; however, they did not specify that the
envelopes were opaque so the study did not receive credit for this criterion.

§An independent critical events committee adjudicated all clinical end points in a blinded fashion for the initial two thirds of
events. However, there was a delay in adjudicating the final one third of events which were adjudicated without blinding.

**For primary outcome at 12 months (end of study) 89% follow-up, criterion met; for primary outcome at additional 24 months
follow up was 73%, criterion not met for 24 months.

Procedures for determining adherence to Risk of Bias for Registry Studies

Table D4 describes Aggregate Analytics’ methodology for determining whether or not a registry study
has met the specific individual criterion used to assign the risk of bias. Table D5 provides an example of
the format used to assess RoB for individual registry studies of treatment. A “No” indicates that the
criterion was not met; an “Unclear” indicates that the criterion could not be determined with the
information provided or was not reported by the author.
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Appendix Table D4. Definitions of the different levels of evidence for registry studies of therapy

Risk of Bias Study design Criteria
Moderately low risk: Good quality e Designed specifically for conditions evaluated
Study has potential for some registry e Includes prospective data only

bias; does not meet all criteria | study/cohort study
for class | but deficiencies not
likely to invalidate results or
introduce significant bias

e Validation of completeness and quality of data

o Patients followed long enough for outcomes to occur
® Independent outcome assessment*

e Complete follow-up of >80%

e Controlling for possible confounding*

e Accounting for time at riskt

Moderately high risk: Moderate quality e Prospective data from registry designed specifically
Study has flaws in design registry for conditions evaluated with violation of 2 of the rest
and/or execution that increase | study/cohort of the criteria in level Il

potential for bias that may
invalidate study results

High risk: Poor quality e Prospective data from registry designed specifically
Study has significant potential registry for conditions evaluated with violation of 3 or more of
for bias; does not include study/cohort the rest of the criteria in level Il

design features geared toward e Retrospective data or data from a registry not
minimizing bias and/or does designed specifically for conditions evaluated

not have a comparison group

Appendix Table D5: Assessment of RoB for individual registry studies

Methodological principle Australia Registry Swedish UK Registry
Registry
Designed specifically for conditions evaluated Yes Yes No
Includes prospective data only Yes Yes Unclear
Validation of completeness and quality of data Yes No No
Patients followed long enough for outcomes to occur Yes Yes Yes
Independent outcome assessment* Yes Yes Yes
Complete follow-up of >80% Yes No No
Controlling for possible confounding* Yes Yes No
Accounting for time at risk+ Yes Yes Yes
Risk of Bias Mod Low Mod High High

* Qutcome assessment is independent of healthcare personnel judgment. Some examples include patient
reported outcomes, death, and reoperation.

T Authors must provide a description of robust baseline characteristics, and control for those that are unequally
distributed between treatment groups.

¥ Equal follow-up times or for unequal follow-up times, accounting for time at risk.

Risk of Bias for Diagnostic Test Studies — Accuracy/Validity Studies
Table D6 and Figure D1 outline Aggregate Analytics’ methodology for evaluating the quality of evidence
for diagnostic studies of accuracy/validity and criteria used to determine the Risk of Bias (RoB). The
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procedure that follows describes specific considerations used to determine whether or not the various
criteria were met. This method takes into account the primary sources of bias for such studies.

Each included study was evaluated independently by two investigators based on the criteria below and a
RoB assigned to each article, initially at the abstract level and confirmed when the full articles were
reviewed. Discrepancies in RoB determination were resolved by discussion until consensus was
achieved. Table D7 provides an example of the format used to assess RoB for individual studies of
diagnostic test evaluation.

Appendix Table D6. Definitions of the different levels of evidence for diagnostic test accuracy/validity
studies

RoB Study type Criteria
Good quality prospective Broad spectrum of persons with the expected condition
study

Appropriate reference standard used
Adequate description of test and reference for replication

Low Blinded comparison of tests with appropriate reference
standard

Reference standard performed independently of diagnostic

test
Moderate quality Violation of any one of the criteria for a good quality
prospective study prospective study
Good quality retrospective Broad spectrum of persons with the expected condition

study Appropriate reference standard used

Adequate description of test and reference for replication

Blinded comparison of tests with appropriate reference
standard

Reference standard performed independently of diagnostic

test
Poor quality prospective Violation of any two or more of the criteria for a good quality
study prospective study
Moderately
High Moderate quality Violation of any one of the criteria for a good quality

retrospective study retrospective study

Poor quality retrospective Violation of any two or more of the criteria for a good quality
study retrospective study

Case-Control Study
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Figure D1. Level of Evidence Algorithm — Accuracy/Validity Studies

Prospective cohort
study design

v
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1. Broad spectrum of persons with
expected condition

2. Appropriate reference standard
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3. Adequate description of test
and referent for replication

Blinded comparison of tests

Reference standard performed
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Procedures for determining adherence to Risk of Bias criteria for Diagnostic Test Studies —
Accuracy/Validity Studies

The following describes the method for determining whether or not a given study has met the specific
individual criterion used to assign the RoB. Table D6 provides a template for indicating whether the
individual criterion is met or not. A “No” indicates that the criterion was not met; an “Unclear” indicates
that the criterion could not be determined with the information provided or was not reported by the
author.

Determine if the study is prospective or retrospective.

Accuracy of diagnostic tests is best assessed using a prospective study of consecutive series of patients
from a relevant patient population (i.e. study designed for prospective collection of data using specific
protocols). Ideally, a consecutive series of patients or random selection from the relevant patient
population should be prospectively studied. Retrospective collection of data or evaluation of patients
who have had the diagnostic test and reference test previously may be more subject to bias.

If it is cannot be determined whether a prospective or retrospective approach was taken, no credit will
be given for this criterion having been met.

Was a broad spectrum of persons with the suspected condition used to evaluate the diagnostic test
and reference standard?

The study population must be comprised of those with a broad spectrum of suspected disease who are
likely to have the test now or in the future. A broad spectrum would include patients with mild as well as
more severe cases, those presenting early as well as late and those whose differential diagnosis may be
commonly confused with the condition of interest. Subjects from specialty referral sources may be
more likely to have a specific abnormality/condition than those presenting to a general family practice
clinic. Overestimation of diagnostic accuracy may occur if a population with known disease is compared
with a group of normal individuals instead of those from the relevant patient population.

Studies providing a description of the demographic and clinical characteristics of subjects were given
credit as appropriate for the type of disease under investigation.

Was an appropriate reference standard used to compare the diagnostic test being evaluated?

Ideal reference standards are termed “gold” standards and in theory, provide the “truth” about the
presence or absence of a condition or disease. Such standards provide a basis for comparing the
accuracy of other tests and allow for the calculation of characteristics such as sensitivity, specificity and
predictive values.

In most instances, the reference standard does not perfectly classify individuals with respect to the
presence or absences of disease, but may reflect the current “best” reference and/or one that can be
practically applied. It should be “likely” to classify patients according to disease status. A reference
measure can be performed at the time of the testing. It may be an anatomical, physiological or
pathological state or measure or a specific outcome at a later date.

The reference standard should be reproducible and the description of both the referent standard and
the test should be explicit enough for replication, validation and generalization.
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Are the details of the test and the reference/gold standard sufficient to allow study replication?

Are the technical features of the test and protocols used to collect information about test results, any
measurements performed, planes of section evaluated, diagnostic criteria used, etc. sufficient that other
investigators could duplicate the conditions and reproduce the findings in a similar population?

Was there blinded comparison of the tests with the appropriate reference standard?

Interpretation of the reference standard must be done without prior knowledge of the test results and
the test must be interpreted without knowledge of the results of the reference test. This is necessary to
avoid bias. It must be clear from the text that tests were interpreted without knowledge of the results
of the other. A statement that blinding was done (for either test, preferably both) was necessary for
credit.

Was the reference standard performed independently of the diagnostic test?
The reference standard must have been applied objectively or blindly to all patients without the results
of test influencing use of the reference. If the “test” affects the reference (or referral to the reference

test) or is part of the reference standard, this does not constitute independent performance of the test.

Appendix Table D7. Assessment of RoB for individual studies of diagnostic test evaluation

Author 1 Author 2 Author 3 Author 4

METHODOLOGICAL PRINCIPLE (1999) (2002) (2004) (2005)
Study Design

Prospective cohort design |

Retrospective cohort design | u |

Case-control design

Broad spectrum of patients with expected condition Yes Yes Unclear Yes
Appropriate reference standard used Yes Yes No No
Adequate description of test and reference for replication Unclear No No No
Blinded comparison with appropriate reference Yes No Yes No

Yes Yes Yes Yes

Reference standard performed independently of test

Risk of Bias

* “No” indicates that the criterion was not met; “Unclear” indicates that the criterion could not be determined with
the information provided or was not reported by the author.
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Risk of Bias for Diagnostic Test Studies — Reliability Studies

Methods for assessing the quality of evidence for reliability studies have not been well reported in the
literature. Aggregate Analytics’ determination of quality for such is based on epidemiologic methods for
evaluating validity and reliability.

Table D8 and Figure D2 describe the method for determining whether or not a given study has met the
specific individual criterion used to assign the Risk of Bias (RoB). Table D9 provides a template for
indicating whether the individual criterion is met or not. A “No” indicates that the criterion was not met;
an “Unclear” indicates that the criterion could not be determined with the information provided or was
not reported by the author.

Appendix Table D8. Definitions of the different levels of evidence for reliability studies

RoB Study type Criteria
Broad spectrum of persons with the expected condition
A ipti f hods f licati
Low Good quality study Qequate description of methods for rep |cat|on_ .
Blinded performance of tests, measurements or interpretation
Second test/interpretation performed independently of the first
Moderate quality Violation of any one of the criteria for a good quality study
Moderatel . A _—
OH?;E Y poor quality study Violation of any two of the criteria
Very poor quality study  Violation of all three of the criteria
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Figure D2. Level of Evidence Algorithm — Reliability studies

All 3 Criteria Met

| Criteria
¢ ¢ 1. Broad spectrum of persons
with expected condition
Yes No 2. Adequate methods
l l description for replication

o 3. Blinded performance of
Low 2 of 3 criteria met tests/interpretations

|
v v

Yes No
Mod. 1 of 3 criteria met
Low

Yes No

I
vod | G

High

Procedures for determining adherence to Risk of Bias criteria for Reliability studies

For these studies, the first performance or interpretation of the text is usually considered the
“reference” and the second performance or interpretation the “test”. Typical reliability studies are done
using the same method (e.g., supine MRI) and include test-retest, inter- and intra-rater reliability.
Statistical analysis is based on whether the same method or different methods are compared, the types
of variables measured and the goal of the study. In general, the degree (%) of concordance does not
account for the role of chance agreement and is not a good index of reliability.” Different types of kappa
(k) or statistical correlation are frequently used to evaluate the role of chance.

Determination of the RoB involves evaluation of the following questions:
Was a broad spectrum of persons with the suspected condition used to determine reliability?

The study population must be comprised of those with a broad spectrum of suspected disease who are
likely to have the test now or in the future. Since differences in gender, age, body habitus and other
characteristics may influence measurements and the ability to reproduce the results, the range of
patients used for reliability studies is important. Ideally a random sample of patients from the relevant
clinical population would be used but may not be feasible, depending on the study. A broad spectrum
would include patients with mild as well as more severe cases, those presenting early as well as late and
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those whose differential diagnosis may be commonly confused with the condition of interest.
Reproducibility studies in a population with known disease may give different results compared with
studies on a group of normal individuals and may not give an accurate picture of overall reproducibility.
(If the goal of the study is to evaluate the potential for differential measurement error or bias, the
separate analyses on “normal” and “diseased” populations should be done to evaluate the extent of
such bias. If it is a test-retest design, the test administrations should be on the same population. If it is
an inter- or inter-rater reliability study the object (e.g., radiographs) should be the same for each
reading/interpretation, (e.g., the same patients’ radiographs are read twice).

Are the details of the methods sufficient to allow study replication?

Is the description of the methods, i.e. the protocols used to collect information, measurements taken,
planes of section, diagnostic criteria used, etc. sufficient that other investigators could duplicate the
conditions and reproduce the findings in a similar population? Are the methods used for each part of the
replication consistent?

Was there blinded/independent performance of the repeat test administrations or interpretations?

The second administration of the test or second interpretation of results should be done without
influence of the first test/interpretation. This is necessary to avoid bias. It must be clear from the text
that both tests were interpreted without knowledge of the results of the other. Examples of when the
administration would not be considered blinded or independent could include:

Interpretation of the second test is to be done without prior knowledge of the test results or the first
interpretation.

The timing of the second test administration or reading/interpretation of the results is not done such
that sufficient time has elapsed between them to avoid influence of the first test/interpretation on the
results of the second. In the case of re-administration of the test, the timing should not be so far apart
that the stage/period of disease is different from the first administration.

Appendix Table D9. Assessment of risk of bias (RoB) for reliability studies

Author 1 Author 2 Author 3 Author 4
METHODOLOGICAL PRINCIPLE (1999) (2002) (2004) (2005)
Broaq 'spectrum of patients with expected Yes Ves Unclear No
condition
Adequate description of methods for replication Yes Yes No No
Bllndgd/lndepenfient comparison of Yes No Yes Unclear
tests/interpretations

Mod.
High

Risk of Bias Mod. Low

Determination of Overall Strength (Quality) of Evidence

The strength of evidence for the overall body of evidence for all critical health outcomes was assessed
by one researcher following the principles for adapting GRADE (Grades of Recommendation Assessment,
Development and Evaluation) as outlined by the Agency for Healthcare Research and Quality (AHRQ)®2.
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The strength of evidence was based on the highest quality evidence available for a given primary
outcome. In determining the strength of body of evidence regarding a given primary outcome, the
following domains were considered:

e Risk of bias: the extent to which the included studies have protection against bias.

¢ Consistency: the degree to which the included studies report results are similar in terms of
range and variability.

¢ Directness: describes whether the evidence is directly related to patient health outcomes.
e Precision: describes the level of certainty surrounding the effect estimates.
¢ Publication bias: is considered when there is concern of selective publishing.

All AHRQ “required” and “additional” domains (risk of bias, consistency, directness, precision, and if
possible, publication bias) were assessed. Bodies of evidence consisting of RCTs were initially considered
as High strength of evidence (SoE), while those that comprised nonrandomized studies began as Low
strength of evidence. The strength of evidence could be downgraded based on the limitations described
above. There could also be situations where the nonrandomized studies could be upgraded, including
the presence of plausible unmeasured confounding and bias that would decrease an observed effect or
increase an effect if none was observed, presence of a dose-response relationship, and large magnitude
of effect (strength of association) if no downgrades for domains above. Publication and reporting bias
are difficult to assess. Publication bias is particularly difficult to assess with fewer than 10 RCTs (AHRQ
methods guide). When publication bias was unknown in all studies and this domain is often eliminated
from the strength of evidence tables for our reports. The final strength of evidence for each primary
outcome was assigned an overall grade of high, moderate, low, or insufficient, which are defined as
follows:

High— Very confident that effect size estimates lie close to the true effect for this outcome; there are
few or no deficiencies in the body of evidence; we believe the findings are stable.

Moderate— Moderately confident that effect size estimates lie close to the true effect for this outcome;
some deficiencies in the body of evidence; we believe the findings are probably stable but some doubt
remains.

Low— Limited confidence that effect size estimates lie close to the true effect for this outcome;
important or numerous deficiencies in the body of evidence; we believe that additional evidence is
needed before concluding that findings are stable or that the estimate is close to the true effect.

Insufficient— We have no evidence, are unable to estimate an effect or have no confidence in the effect
estimate for this outcome; OR no available evidence or the body of evidence has unacceptable
deficiencies precluding judgment.

Similar methods for determining the overall quality (strength) of evidence related to economic studies
have not been reported, thus the overall strength of evidence for outcomes reported in Key Question 4
was not assessed.
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Appendix Table D10. Example methodology outline for determining overall strength of evidence (SoE):

All AHRQ “required” and “additional” domains* are assessed. Only those that influence the baseline
grade are listed in table below.

Baseline strength: HIGH = RCTs. LOW = observational, cohort studies, administrative data studies.

DOWNGRADE: Risk of bias for the individual article evaluations (1 or 2); Inconsistency** of results (1
or 2); Indirectness of evidence (1 or 2); Imprecision of effect estimates (1 or 2); Sub-group analyses not
stated a priori and no test for interaction (2)

UPGRADE (non-randomized studies): Large magnitude of effect (1 or 2); Dose response gradient (1)
done for observational studies if no downgrade for domains above

Outcome HIGH Summary of findings HIGH NO NO
RCTs consistent,
direct, and

precise estimates

Outcome MODERATE Summary of findings Low NO YES

Cohort studies consistent, Large effect
direct, and
precise
estimates; high
quality
(moderately low
ROB)

Outcome LOow Summary of findings HIGH YES (2) NO
RCTs Inconsistent
Indirect

*Required domains: risk of bias, consistency, directness, precision. Plausible confounding that would decrease observed effect
is accounted for in our baseline risk of bias assessment through individual article evaluation. Additional domains: dose-
response, strength of association, publication bias.

**Single study = “consistency unknown”, may or may not be downgraded
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Assessment of Economic Studies

Full formal economic analyses evaluate both costs and clinical outcomes of two or more alternative
interventions. The four primary types are cost minimization analysis (CMA), cost-utility analysis (CUA),
cost-effectiveness analysis (CEA), and cost-benefit analyses (CBA). Each employs different
methodologies, potentially complicating critical appraisal, but some common criteria can be assessed
across studies.

No standard, universally accepted method of critical appraisal of economic analyses is currently in use.
A number of checklists [Canadian, BMJ, AMA] are available to facilitate critique of such studies. The
Quality of Health Economic Studies (QHES) instrument developed by Ofman, et al.” QHES embodies the
primary components relevant for critical appraisal of economic studies. It also incorporates a weighted
scoring process and which was used as one factor to assess included economic studies. This tool has not
yet undergone extensive evaluation for broader use but provides a valuable starting point for critique.

In addition to assessment of criteria in the QHES, other factors are important in critical appraisal of
studies from an epidemiologic perspective to assist in evaluation of generalizability and potential
sources of study bias.

Such factors include:

= Are the interventions applied to similar populations (e.g., with respect to age, gender, medical
conditions, etc.)? To what extent are the populations for each intervention comparable and are
differences considered or accounted for? To what extent are population characteristics
consistent with “real world” applications of the comparators?

= Are the sample sizes adequate so as to provide a reasonable representation of individuals to
whom the technology would be applied?

=  What types of studies form the basis for the data used in the analyses? Data (e.g., complication
rates) from randomized controlled trials or well-conducted, methodologically rigorous cohort
studies for data collection are generally of highest quality compared with case series or studies
with historical cohorts.

=  Were the interventions applied in a comparable manner (e.g., similar protocols, follow-up
procedures, evaluation of outcomes, etc.)?

= How were the data and/or patients selected or sampled (e.g., a random selection of claims for
the intervention from a given year/source or all claims)? What specific inclusion/exclusion
criteria or processes were used?

=  Were the outcomes and consequences of the interventions being compared comparable for
each? (e.g., were all of the relevant consequences/complications for each intervention
considered or do they primarily reflect those for one intervention?

An outline of suggested standards for reporting stem cell studies based on Murray and Chu®° can be
found below.
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Appendix Table D11. Example of methodology for assessing reporting standards for studies of stem
cell therapy

Author Year
Reporting Standards*
Study Reporting
Randomized controlled trial - CONSORT Yes
Observational study - STROBE
SR with/without meta-analysis - PRISMA
Patient demographics limited
Patient comorbidities No
Patient medications (anti-inflammatory) Yes
Diagnosis/injury (chronicity, relevant grading) Yes
Previous interventions Excluded
Cell source, harvesting , time to processing* Minimal
Cell processing specified* Limited
Cell culture detailed* N/A
MSC characteristics* No
Delivery* minimal
Post-intervention care (PT, immobilization, etc.) Yes

Criteria met

* Studies must report sufficient detail to allow for evaluation and replication of methods

. Harvesting: anatomical source, equipment, reagents, storage media and environment and

e  Processing: digestion methods(solutions, concentrations, volumes, duration, agitation, temperature, identification of
commercial system; methods for purification and assurance of purity;

e  MSC source, details of cellular composition, immunophenotype (tested in vitro), viability

e  Site of delivery, suspension volume, details of media used as delivery vehicles, and if co-delivered with carriers,
growth factors or scaffold
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APPENDIX E. Study Quality: Risk of Bias evaluation

Appendix Table E1. Risk of Bias Assessment: Knee OA trials comparing autologous, non-culture-
expanded BM-derived stem cells versus controls* in different patients

Centeno Goncars 2017 Ruane 2019 Tucker 2019
2018

Methodological Principle

Study design

Randomized controlled trial u [ ] [ ] [

Prospective cohort study

Retrospective cohort study

Case-control

Case-series

Random sequence generationt Yes Unclear Unclear Unclear
Concealed allocationt Unclear No No Unclear
Intention to treat* Unclear Yes Yes Yes
Independent or blind assessment No No No Yes
Complete follow-up of >80% Unclear Yes Yes Yes
<10% difference in follow-up between groups Unclear Yes No Yes
Controlling for possible confoundingt Unclear Unclear Yes Unclear

. . Moderately Moderately Moderately Moderately
Risk of Bias High High High High

Unclear indicates that the study had insufficient detail to determine whether criteria were met

*Centeno = Exercise control group; Goncars = Hyaluronic acid (HA) control group

TApplies only to randomized controlled trials.

Groups must be comparable on a robust set of baseline characteristics or present evidence that controlling of confounding
presented was performed.

Investigator Notes:

Centeno 2018:

e  Concealed allocation: only says that “enroliment randomization envelopes [were kept] blinded until time of
enrollment by study coordinator” but does specify process by which that was carried out.

e ITT: Point of randomization unclear; appears to have been when consent provided, rationale for physician exclusion
of patients not clear (see below); unclear how withdrawals during treatment were analyzed by 3 months; all exercise
group crossed over at 3 months.

e Independent/blind assessment: primary outcomes were patient-reported and patients were not blinded to
treatments (stem cells vs. exercise)

e  Follow-up: patients crossed over after 3 months; data on attrition not provided; withdrawals appeared to be AFTER
randomization based on text — CONSORT diagram does not indicate where randomization was done and is
inconsistent with text.

o If randomization occurred and time of consent, it appears that 7 individuals were withdrawn (4 voluntarily, 3
by physician no rationale provided)

o 14 total appear to have withdrawn after randomization, 4 voluntarily, 7 by investigator (for having additional
therapies and an additional 3 who had TKA) based on results text

o If 7 withdrawn at time of consent and an addition 14 withdrew after treatment delivered, follow-up is 34/55
or 62%

o N’s for outcomes at follow-up times NR

e  Confounding: only limited patient demographics provided; baseline scores for outcome measures not presented
except via figure (cannot determine if LEAS and SF-12 physical are comparable at baseline)

e  Funding: Industry
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Goncars 2017:

e Randomization, Concealed allocation: No information/statement provided regarding either criteria; Only states that
enrolled pts were randomized 1:1

¢ Independent/blind assessment: primary outcomes were patient-reported and patients were not blinded to
treatments (stem cells vs. HA); no mention of assessors/assessor blinding either

e  Confounding: No Table 1 outlining baseline characteristics; no statement that groups were found to be/not to be
comparable at baseline; Figure 1 includes age, sex and K-grade only for both groups — difference in age (53.4 vs. 58.6
years) and sex (54% vs. 36% male) relevance unclear (KL grade comparable b/w groups) due to small sample sizes.
Baseline outcomes data not reported.

e  Funding: NR

Ruane:

. Randomization, Concealed allocation: Unclear how randomization was performed; protocol states that “the
randomization allocation schedule will be developed by the research team member performing the statistical
analyses and will not be shared with the remainder of the research team” but does not provided specifics; unclear if
criteria described meets concealed allocation

¢ Independent/blind assessment: patient reported outcomes and it does not appear that the patients were blinded per
the following statement: “The primary investigator (i.e., the physician providing the treatment) will not be blinded to
group allocation as knowledge of group allocation will be essential to deliver two distinctly different treatment
procedures and to provide the participant with an explanation of the clinical procedure prior to initiating the
treatment.”

e F/U: 84% (27/32); 76% (13/17) BMC vs. 93% (14/15)

e  Confounding: Difference in baseline demographics and previous procedures; however protocol states that the
statiscal methods employed would control for baseline imbalances.

Tucker:

. Randomization, Concealed allocation: Unclear how randomization was performed; protocol states that “Access to
the randomization code will be strictly controlled and only the processing technician, who will not be involved in
safety or efficacy evaluation, will know to which group the subject is randomized on the day of the surgery”; unclear if
criteria described meets concealed allocation

e  Confounding: List of baseline demographics not robust; no mention of controlling in the protocol

Appendix Table E2. Risk of Bias Assessment: Knee OA trials comparing autologous, non-culture-
expanded BM-derived stem cells versus placebo in knees in the same patient.

Methodological Principle Shapiro 2017/2018

Study design

Randomized controlled trial u

Prospective cohort study

Retrospective cohort study

Case-control

Case-series

Random sequence generation* Yes
Concealed allocation* No
Intention to treat* N/A

Yes (paired Wilcoxon

Accounting for repeated measures (knees in same patient .
& P ( P ) signed rank test)

Independent or blind assessment Yes
Complete follow-up of >80% Yes
<10% difference in follow-up between groups N/A
Controlling for possible confoundingt N/A
Risk o